T was isolated from forest soil at Bongnae Falls, South Korea. The strain exhibited antimicrobial and antifungal activity against the following strains: Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Paenibacillus larvae, Escherichia coli, Candida albicans and Aspergillus niger. Growth occurred on all ISP media tested (2, 3, 4, 5, 6 and 7), Czapek-Dox agar, potato dextrose agar, trypticase soy agar, Bennett's modified agar and nutrient agar at 28 8C. Aerial spores were produced solely on ISP Medium 4; the colour of the aerial mycelium was white and the substrate mycelium was ivory. Melanin production was negative on peptone-yeast extract iron agar (ISP Medium 6). The cell-wall peptidoglycan contained LL-diaminopimelic acid, glutamic acid, alanine and glycine. Whole-cell hydrolysates contained glucose, ribose and galactose. The predominant menaquinones were MK-9(H 6 ) and MK-9(H 8 ) while the minor menaquinone was MK-10(H 2 ). The polar lipids included diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylinositol. The major fatty acids (.10 %) were C 16 : 0 (29.8 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) (15.1 %), anteiso-C 15 : 0 (13.5 %) and iso-C 15 : 0 (10.3 %). DNA-DNA similarity with other strains ranged between 37.84¡1.15 % and 50.25¡1.91 %. On the basis of these data, we suggest that strain T258 T represents a novel species that belong to the genus Streptomyces, for which we propose a name Streptomyces polymachus sp. nov. The type strain is T258 T (5KACC 18247 T 5KEMB 9005-212
The genus Streptomyces is the largest antibiotic-producing genus of the phylum Actinobacteria and was first described by Waksman & Henrici (1943) . Antibiotics produced by species of the genus Streptomyces account for over 74 % of those produced by members of the order Actinomycetales and approximately 34 % of all known antibiotics (Bérdy, 2005) . The antibiotics produced by species of the genus Streptomyces include anti-infective, antibacterial, antifungal, anticancer and antitumour agents (Baltz, 1998; Soria-Mercado et al., 2005) . Recently, there has been a decrease in the number of newly discovered antibiotics produced by actinobacteria; however, advances in technology and screening methods should enable the detection of previously unidentified compounds (Kurtböke, 2012) . Natural products such as bioactive secondary microbial metabolites may be potential sources of new drugs for the pharmaceutical industry (Bérdy, 2005; Newman & Cragg, 2012) . Therefore, we screened actinobacteria and other antibiotic-producing bacteria present in Korean soil. Strain T258 T was isolated from forest soil near Bongnae Falls, Jeodong-Ri, Ulleung-Gun, Gyeongbuk, South Korea (378 299 58.60 N 1308 539 01.10 E) in November 2013. The soil samples were air-dried for 72 h and then incubated at 40 8C for 16 h (Williams & Wellington, 1982) . Onegram soil samples from the different soil ecosystems were serially diluted in 9 ml humic acid vitamin (HV) broth, and 100 ml of each dilution was plated on HV agar at pH 7.2. The HV medium consisted of 1 g humic acid, 0.5 g Na 2 HPO 4 , 1.71 g KCl, 0.05 g MgSO 4 .7H 2 O, 0.01 g FeSO 4 .7H 2 O, 0.02 g CaCO 3 , 15 g agar, 1 ml B vitamin stock solution (50 mg each thiamine hydrochloride, riboflavin, niacin, pyridoxine HCl, inositol, calcium pantothenate and b-aminobenzoic acid and 25 mg biotin in 100 ml distilled water) and 50 mg cycloheximide in 1 l distilled water (Hayakawa & Nonomura, 1987) . Petri dishes were incubated at 28 8C for 3 weeks and morphologically distinct colonies were isolated. Spores of strain T258
T were produced on inorganic salts-starch agar [International Streptomyces Project (ISP) Medium 4] and stored as 20 % (v/v) glycerol stocks at 270 8C.
and ISP Medium 7 (Shinobu, 1958) were prepared according to the method of Shirling & Gottlieb (1966) . Morphological and physiological characterizations were carried out as described by Shirling & Gottlieb (1966) and Williams et al. (1989) . Strains were incubated at 28 8C and observed after 21 days. Colours were defined according to the descriptions given at http://tx4.us/nbs-iscc.htm. Antibiotic resistance was determined using paper discs. Growth at different temperatures (4, 10, 15, 20, 25, 30, 37, 40, 50 and 55 8C) and at various pH values from 3.0 to 12.0 (at intervals of 1 pH unit) was evaluated on Bennett's modified agar plates as described by Williams et al. (1989) . Strain T258
T grew well at temperatures between 25 to 37 8C and at pH 6 to 8. To pinpoint the optimal growth conditions for this strain, additional tests were carried out on Bennett's modified agar at 25, 28, 30, 32, 35 and 37 8C and at pH 6, 6.5, 6.8, 7, 7.2, 7 .5 and 8. Tolerance to varying NaCl concentrations (1-12 %: at every 1 % interval) was assessed on Bennett's modified agar, while H 2 S and indole production were determined by growth in SIM medium (Oxoid). Strain T258
T was able to grow on various media but grew best on trypticase soy agar, ISP Medium 2 and Bennett's modified agar. However, white aerial mycelium was produced only on ISP Medium 4 (Table 1) . Strain T258 T did not produce melanin when grown on peptone-yeast extract iron agar (ISP Medium 6), unlike the reference strains (Table 2) . Furthermore, aerial spores of strain T258
T were produced only on ISP Medium 4, whereas spores of the reference strains were present on almost all of the media tested (Table S1 , available in the online Supplementary Material). Additional physiological characteristics differentiating strain T258
T from closely related reference strains of the genus Streptomyces are reported in Table 2 and Table S1 . A scanning electron microscope (EVO MA 10; ZEISS) was used to observe the spores and mycelial morphology of the cells grown on ISP Medium 4 agar for 30 days at 28 8C. Strain T258 T produced spiny-surfaced, cylindrical spores in spiral chains (Fig. 1) , in contrast to the reference strains of the genus Streptomyces that produced spores with a smooth surface ( Table 2 ).
The Sherlock Microbial Identification System (MIDI) was used to determine the cellular fatty acid content and to evaluate interspecies relationships according to the method of Sasser (1990) . All strains were cultured under aerobic conditions at 160 r.p.m. in trypticase soy broth at 28 8C for 5 days. The fatty acid methyl esters of strain T258
T and the type strains of recognized species of the genus Streptomyces were then analysed by GC (HP 6890 Series GC system; Hewlett Packard) and the Microbial Identification software package (version 6.08, Sherlock library TSBA6). For chemotaxonomic analysis, cell-wall amino acids and whole-cell sugars were extracted from dry cells and analysed as described by Lechevalier & Lechevalier (1970a and Staneck & Roberts (1974) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) and then separated by two-dimensional TLC. The spots were visualized by spraying the TLC plates with appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . Menaquinones were extracted according to the protocol of Collins (1985) and analysed by HPLC. The predominant fatty acid compounds (.10 %) in strain T258
T were C 16 : 0 (29.8 %), summed feature 3 (15.1 %), anteiso-C 15 : 0 (13.5 %) and iso-C 15 : 0 (10.3 %) (Table  S2) ; these compounds were also among the main components detected in reference strains of the genus Streptomyces (Hofheinz & Grisebach, 1965; Lechevalier, 1977; Pospíšil et al., 1985) . Both C 14 : 0 and anteiso-C 17 : 0 were detected in all the strains but the levels differed at least fourfold between strain T258
T and the reference type strains (Table S2 ). The cell-wall peptidoglycan of T258 T contained LL-diaminopimelic acid, as is typical of type I cell wall of organisms that belong to the genus Streptomyces (Lechevalier & Lechevalier, 1970b) , and contained glutamic acid, alanine and glycine. Whole-cell hydrolysates contained ribose, glucose and galactose (Fig. S1 ). The predominant menaquinones of strain T258 T were MK-9(H 6 ) (57.1 %) and MK-9(H 8 ) (37.9 %), which are commonly detected in the members of the genus Streptomyces (in strains belonging to cluster-group A; Alderson et al., 1985) , and a minor amount of MK-10(H 2 ) (5.0 %) was also detected in the strain. The polar lipids included diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, unidentified polar lipid and unidentified glycolipid (Fig. S2 ).
Genomic DNA was extracted following the procedure described by Cui et al. (2001) . The 16S rRNA gene was amplified by PCR using forward primer 27F (59-AGAGTTTGATCMTGGCTCAG-39) and reverse primer 1492R (59-TACGGYTACCTTGTTACGACTT-39) (Frank et al., 2008) . Sequencing was performed in an Applied Biosystems 3730xl DNA analyser using a BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems). Phylogenetic analysis of strain T258 T was conducted to establish its taxonomic position within the genus Streptomyces. The 16S rRNA gene sequences of related taxa were obtained from GenBank and edited using the BioEdit program (Hall, 1999) . Multiple alignments were performed with the CLUSTAL X program (Thompson et al., 1997) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Neighbour-joining, maximum-likelihood and maximum-parsimony methods with the MEGA5.03 program (Tamura et al., 2011) were used to reconstruct Shirling & Gottlieb (1968 , 1972 ; David et al. (1980) . phylogenetic trees; bootstrap values were based on 1000 replicates (Felsenstein, 1985 (Fig. 2) . The loose affiliation of tree topologies was confirmed through maximum-likelihood and maximumparsimony methods; this was evaluated by bootstrap analysis with 1000 resamplings from the neighbour-joining dataset ( Figs S3 and S4 ).
The G+C content of the genomic DNA was determined by HPLC as described by Mesbah et al. (1989) . The DNA-DNA relatedness of strain T258
T and the recognized type strains of species of the genus Streptomyces was examined according to the protocol of Ezaki et al. (1989) , using photobiotinlabelled DNA probes and salmon sperm DNA as a control. DNA relatedness values ranged from 37.84¡1.15 % to 50.25¡1.91 % (see Table S3 ).
Strain T258
T was grown in trypticase soy broth for 2 days at 180 r.p.m. Then, 5 ml of seed culture was transferred into a 500 ml flask containing 100 ml Bennett's modified broth (DSMZ medium no. 548) and incubated at 30 8C with shaking (at 220 r.p.m.) for 5 days. The supernatant was extracted with an equal volume of diethyl ether (26). The organic layer was collected and dried using a rotary evaporator at 40 8C to obtain 37.58 g of oily compounds. These compounds were dissolved in 300 ml methanol, and 15 ml was added to a paper disc (6 mm, Whatman). Antibacterial and antifungal activities were evaluated on Mueller-Hinton agar, except for activity against Aspergillus niger KACC 40280, which was evaluated on R2A agar, and Paenibacillus larvae KACC 14031, which was evaluated on Bacto brain heart infusion agar (BD). Zones of inhibition were measured after 24 h for bacteria and 48 h for fungi. Microbial pathogens were purchased from the Korean Agricultural Culture Collection (KACC) and the Korea National Environmental Micro-organisms Bank (KEMB). The crude form extracted from strain T258 T displayed antimicrobial activity against all organisms tested.
T possessed many phenotypic and physiological characteristics belonging to the genus Streptomyces such as growth on all ISP media, soluble pigments produced from the media (Table 1 and S1), and spore morphology similar to one type described previously in the genus Streptomyces (Locci, 1989) . Furthermore, chemotaxonomic analyses confirmed the strain was similar to species of the genus Streptomyces, as described in detail above, and a phylogenetic analysis of the strain shared high similarities with the closest species of the genus Streptomyces (98-98.4 %). However, strain T258
T possessed different characteristics from the reference strains (Tables 2, S1 and S2). Moverover, DNA-DNA relatedness values of between 25 and 70 % indicate species status (Wayne et al., 1987) . For all these reasons, we consider strain T258
T to be a representative of a novel species of the genus Streptomyces with the proposed name Streptomyces polymachus sp. nov.
Description of Streptomyces polymachus sp. nov.
Streptomyces polymachus [po.ly.ma9chus. N.L. n. (nominative in apposition) polymachus from Gr. polymachos 'fighting many', referring to the production of metabolites against many other organisms].
Cells are aerobic and Gram-stain-positive. Spores are spiny-surfaced, cylindrical and form spiral chains. Growth occurs at 10-40 uC (optimum: 28-30 uC), pH 5-10 (optimum: pH 6.8-7) and with 2 % (w/v) NaCl. Growth is detected on ISP media (2, 3, 4, 5, 6 and 7), Czapek-Dox agar, potato dextrose agar, trypticase soy agar, Bennett's modified agar and nutrient agar at 28 uC (growth is most robust on Bennett's modified agar, ISP Medium 2 and trypticase soy agar). Aerial mycelium is white and substrate mycelium is ivory on ISP Medium 4. Negative for melanin production on peptone-yeast extract iron agar (ISP Medium 6). Degrades xylan and starch but not milk. Utilizes several compounds as sole carbon sources, including L-arabinose, D-xylose, D-fructose, rhamnose, D-glucose, myo-inositol and D-mannitol, as well as raffinose with low efficiency. Can use L-ornithine and L-tyrosine as sole nitrogen sources but not L-arginine. Negative for nitrate reduction and for H 2 S and indole production. The predominant menaquinones are MK-9(H 6 ) (major) and MK-9(H 8 ) (moderate) and the minor menaquinone is MK-10(H 2 ). The cell-wall peptidoglycan contains LL-diaminopimelic acid, glutamic acid, alanine and glycine. The whole-cell hydrolysate contains glucose, ribose and galactose. The polar lipids include diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylinositol. The major fatty acids (w10 %) are C 16 : 0 , summed feature 3, anteiso-C 15 : 0 and iso-C 15 : 0 . 
